A modified gravity model is specified and applied to meat trade markets to identify factors affecting bovine and swine meat trade flows. The model is used to evaluate the effects of bilateral and regional free trade agreements. This study reveals that gravity models can be effectively parameterized and used in single commodity trade studies. Using data from 1986 to 2009, the results show that income, population, production capacity, distance, and exchange rate volatility are major factors affecting meat trade.
I. Introduction
International trade and trade direction are normally based on the principles of comparative advantage under a free market system. However, commodity trade flows are often affected by government trade policies in both origin and destination countries, and by exchange rate volatility, among other factors.
Previous studies have evaluated the determinants of trade flows of aggregate or semiaggregate goods using gravity models. Most studies of aggregate trade flows assume that the impact of trade determinant factors is uniform across commodity trade sectors. This assumption generates problematic results because the approach ignores the possible aggregation effects and influential characteristics of individual commodities. Thus, this study adopted a disaggregated-commodity level analysis of trade flows with application to selected meats.
A commodity-specific generalized gravity model is specified and applied to selected bovine and swine meat trade flows. The aim of the study is to identify and analyze factors affecting meat trade, and discuss the impacts of regional economic integrations and exchange rate volatility on global meat trade flows.
Traditional gravity models have been revised and effectively parameterized. The model can now identify and evaluate the determinants of specific trade flows such as countries' income, distance to trading countries, Regional Free Trade Agreements (RFTA), exchange rate uncertainty, and other pertinent variables. Unlike previous studies that used cross section data alone, this study used panel data, allowing researchers to capture both time series and country effects and evaluate the key determinants of meat trade flows.
In addition to the evaluation of the traditional determinants of trade flows, the impacts of major RFTs were specifically examined in this study. The RFTAs were examined to evaluate trade creation and trade diversion effects on bovine and swine meat trade flows and address the intra-and inter-group trade effects. The results will reveal the extent to which major world regional economic blocs have expanded trade among members and possible impacts on non-member countries. The world's major RFTAs included in this study are the North American Free Trade Agreement (NAFTA), European Union (EU), Association of Southeast Nations (ASEAN), and Common Market of the South (MERCOSUR) which is the agreement made among a few South American nations.
It is commonly known that gravity models have been used to evaluate bilateral trade flows of aggregate commodities between pairs of countries. In this study, the models are modified to examine the determinants of meat trade flows and impacts of major regional economic integrations. The gravity model for meat trade contains the following three variable components: Traditional models incorporate these factors in cross sectional studies and ignore variation over time. A panel framework is adopted in this study while panel gravity models are applied to balanced data.
The remainder of this paper is organized as follows. Section II provides an overview of the relevant literature. Section III highlights the changing behavior of meat trade flows with focus on major meat exporting countries. Section IV presents the specification of the commodity-specific gravity model and explains the data. Section V presents the econometric issues related to the estimation of the gravity model with pooling techniques. The empirical results are presented in Section VI while the last section presents the conclusions. 
II. Literature Review
Formal theoretical foundations for the gravity model exist in literature. Anderson (1979) was the first to address the theory of a conventional gravity model used in Linneman (1966) . Bergstrand (1985 Bergstrand ( , 1989 provided a sound theoretical foundation of the gravity model and derived the so-called generalized gravity equations that included price variables. Anderson and van Wincoop (2003) produced a derivation of gravity models that included trade resisting factors for proper specification and empirical inferences. Helpam et al. (2008) developed an expanded version of the Anderson and van Cooper (2003) model to account for the heterogeneity of exporting firms and produced a generalized gravity model of international trade that can be used to address the impacts of trade-resisting factors on the volume of trade.
The empirical success of the gravity models is now widely acknowledged. For example, Bacchetta and van Wincoop (2000) , Cho, Sheldon, and McCorriston (2002), and Hilbun (2006) , among others, used aggregate or semi-aggregate trade flows. Koo, Karemera, and Taylor (1993) and Karemera et al. (2009) are among the few exceptions that applied gravity models on specific commodity trade flows to address the policy implications of free trade. Egger (2004) and Martinez et al. (2008) used gravity models to estimate the impacts of regional free trade blocs on trade flows. However, few studies including Koo, Karemera, and Taylor (1993); Cao and Johnson (2006) ; Dascal, Mattas, and Tzouvelekas (2002) ; Jayasinghe and Sarker (2008) focused on meat trade. This study provides further insights on impacts of major free trade agreements on bovine and swine meat trade flows.
III. World's Major Bovine and Swine Meat Exporters
A. Bovine meat trade 1. Australia Australia is the world's largest beef exporter. Because of increasing world population and economic growth, the North Australian corporations continue to assist beef production and exports. The South Australian disparate and fragmented production is expected to increase in volume. Several different businesses are involved in raising the many different breeds of cattle among the many varied climates and pasturelands of Australia. Australian beef, exported mostly to Japan, Korea, and the United States, has its quality judged by the amount of marbling in it. Because of its small population, Australia must export majority of its beef. It takes advantage of its wide open pasturelands and has installed a system to guarantee that its cattle have no disease. However, from Table 1 we see that Australia has steadily lost its market share of beef except during the year 2004 when the United States suffered a setback due to Mad Cow disease.
Brazil
Brazil wants to be the world's largest exporter of beef. To improve the quality and quantity of their beef, farmers are learning many new cattle ranching practices. They also continuously improve the management of their pastures and perform genetic analysis for breeding purposes. Brazil steadily increased its market share of beef until 2007.
The Netherlands
In the Netherlands, small companies produce more than 80% of bovine meat. The practice led to the formation of cooperative groups and other joint marketing organizations. From Table 1 , we see that the Netherlands consistently increased its market share through the year 2009.
The United States
In the United States, a major environmental concern is about nitrous oxide, which has 296 times the warming effect of carbon dioxide. The US confines the cattle to feed on grain. The amount of nitrous oxide produced could be reduced by performing better farm practices. In the future, environmentally friendly practices will be the worldwide norm for producing healthy, high-quality beef. The United States does need to focus on environmental safety in order to regain the beef market share that it lost in 2004 due to the outbreak of Mad Cow disease.
Germany
Germany continues to have many ways of organizing its food chain. However, it appears to be in transition from a buyer's market to a more cooperative market. 
245
Competition among the few large retailing businesses has led to private labels, which function as national brands. This competition among retailers has also led to cooperation with their suppliers to reduce the costs of buying and selling. Germany has increased its market share slightly since the year 2000.
France
Unlike Australia, France consumes most of the beef it produces. However, like Australia, France has cultivated many different breeds of cattle and has many different types of landscapes, climates, and pasturelands. The production of high quality beef is a priority for French beef producers. France has attained a nearly constant market share level. Table 1 shows that Denmark has less than 2% of the market share of beef. The country, however, was the seventh largest bovine meat exporter during the period of study. Denmark's sophisticated and highly concentrated pig industry includes breeding material, extension services, training of farmers, housing of pigs, feeding of pigs, meat processing companies, production of processing equipment, and production technology.
Denmark
The country leads the swine export market. However, from Table 2 , we see that Denmark's market share among the top seven pork exporters has dropped from about 33.5% in 2001 to 21.4% in 2009. Denmark sees itself in business to supply the highest quality of pork meat to the world. Each pig marketed must be fully traceable from the farm to slaughterhouse. Danish has become a strong brand name for their exports. Denmark can expand its pig industry using land in its neighboring countries and maintain high Danish quality.
The United States
Together, Iowa and North Carolina show 43.1% of the United States hog inventory, making both states the largest US pork producers during the study period of 2000 through 2009. Iowa, North Carolina, Minnesota, and Illinois provided over 61% of the hog inventory. Table 2 shows that the pork market share of the US is among the top seven exporters and fluctuated between 17.4% and 24.5%.
Germany
Germany will continue to have many ways of organizing its food chain. However, it appears to be in transition from a buyer's market to a more cooperative market. Competition among the few large retailers has led to private labels, which function as national brands. This competition among the retailers has also led to cooperation with their suppliers to reduce the costs and increase its market share.
The Netherlands
In the Netherlands, small companies also produce more than 80% of swine meat. As in the above meat case, the competitive production system has led to the formation of cooperative groups and other marketing organizations. From Table 2 , we see that competition has caused its market share of exports to drop over the years from 2000 to 2009. Table 2 shows that Belgium has a small market share of pork exports. The shares remain low because their meat processing and distributing industries have abused their purchasing power.
Belgium

Spain
Spain has only a small proportion of the market share of pork exports. However, the country's swine market share has been increasing since Spain joined the European Union (EU).
France
France also has a relatively small market share of pork exports. This has been blamed on excessive increase in feed prices which could not be passed on to the consumer. Germany 3.1% 5.3% 6.1% 6.6% 7.5% 8.9% 10.7% 11.5% 12.5% 14.6% Netherlands 9.9% 8.4% 7.6% 9.6% 9.7% 8.4% 7.7% 7.9% 7.2% 7.3% Belgium 7.7% 8.8% 8.1% 7.3% 7.4% 6.7% 6.6% 6.8% 6.9% 7.2% Spain 4.8% 4.6% 4.8% 5.5% 6.0% 6.6% 6.6% 7.6% 8.0% 7.9%
France 7.2% 6.8% 6.5% 6.3% 6.2% 5.7% 5.4% 5.2% 5.1% 4.9% 
IV. Methodology
A. Commodity-specific gravity model
This section provides a summary of the theoretical foundation of gravity models. The specification of a single-commodity gravity model follows the procedure indicated in the trade literature. According to Linneman (1966 ), Anderson, (1979 ), Bergstrand (1985 , 1989 , and Anderson and van Wincoop (2003) , a gravity model is a reduced form of equation from a general equilibrium model of demand and supply systems. The demand model for a specific commodity is derived by maximizing the Constant Elasticity of Substitution (CES) utility function subject to income constraints. The supply model is derived from the firms' profit maximization procedure in exporting countries, with the resource allocation determined by the constant elasticity of transformation. The commodity-specific gravity model was specified under the market equilibrium condition in which demand for a commodity equals supply of the commodity. Complete theoretical derivations of the gravity equation are available in Bergstrand (1985) with additional details in Bergstrand (1989) , Koo et al. (1991 Koo et al. ( , 1993 , and Karemera et al. (2009a; 2009b) offering applications of single-commodity gravity models.
B. Specification of a generalized commodity-specific gravity model
The traditional gravity model was re-specified to analyze the effects of factors affecting global meat trade. In addition to trade factors common to the gravity model, the model in this study was augmented with variables representing regional free trade agreements and exchange rate volatility. Additional pertinent factor includes the countries' level of development, represented by the countries' per capita Gross Domestic Product (GDP) or per capita GDP. The countries' level of development should have a positive impact on trade because there is more trade among countries with high per capita incomes as demonstrated by Pagoulatos and Sorensen (1975) .
The distance between countries (Dij) was included under the hypothesis that countries close to each other are more likely to have similar cultures or cultural heritages, similar patterns of consumption and production, and high incentives for trade with each other. A relatively short distance between trading countries will enhance trade more than a relatively long distance between the countries. The dummy variable indicating countries with a common border was retained in the empirical model because, in addition to characteristics identified for countries with close proximity, it was assumed that there is more trade between countries with common borders than countries without common borders.
Since agricultural exports are a small portion of a country's GDP, the country's livestock production and population were used to represent the exporting country's jei Trade Creation and Diversion Effects and Exchange Rate Volatility in the Global Meat Trade 251 capacity to produce and export the selected meats. GDP for the importing country was used to represent its internal market size and purchasing power. Population in the importing country represents its absorption capacity and market size.
The major regional free trade blocs in the world considered are listed in Table 6 . These trade blocs are engaged in cooperative or free trade arrangements. Dummy variables representing trade flows among members were included in the model to address the extent of trade creation among members. For example, a dummy variable, NAFTA m , representing trade between two NAFTA countries, was included to evaluate NAFTA's trade creation effects. Another dummy variable, NAFTA n , representing trade between a NAFTA country and a non-NAFTA country, was used to identify the extent of trade diversion within NAFTA countries. Similarly, a dummy variable representing membership in the European Union, EU m , was included to identify the extent to which membership in the EU led to the trade creation among EU members. Another dummy variable, EU n , representing flows between EU and non-EU members, was included to address the extent of trade diversion in the EU. Similarly, the following additional dummy variables, ASEAN m and MERCOSUR m , represent trade creation while ASEAN n and MERCOSUR n , represent trade diversion. It was hypothesized that economic integration under free trade arrangements enhances trade flows among member countries of a trading bloc through trade creation, whereas trade between a member and nonmember country yields trade diversion.
Following Bergstrand (1985 Bergstrand ( , 1989 , Anderson and van Wincoop (2003) , and Karemera et al. (2009a Karemera et al. ( , 2009b , an empirical model was developed on the basis of a reduced form specification. Thus, the empirical commodity-specific gravity model of meat trade was specified as follows: A ij = the border dummy. A ij = 1 if countries i and j share a common border; 0 otherwise; V ij = the exchange rate volatility. It is computed alternatively as short and long term volatility; and ε ij = an error term.
The dummy variables NAFTA, EU, ASEAN, and MERCOSUR represent respective regional trading blocs of which subscript m indicates trade among member countries of each trading blocs (trade creation) and subscript n indicates trade between member countries of each trading bloc and non-member country (trade diversion). 
Commodity specific dummy variable:
HMD= hoof-and-mouth disease dummy variable: 1.0 for country recording cases of the disease and 0 for country free from the disease.
Country dummy variables: Dummy variables representing major exporting meat countries such as Australia, Brazil, France, Germany, the Netherlands, and the US were included to identify quality differentiation by origin. Bergstrand 1985 , 1989 , Koo & Karemera 1993 , Karemera et al. 1999 . Since bovine and swine meats are essentially staple commodities, we used per capita GDP to represent the level of development for the exporting country and the purchasing power for the importing country (Karemera 2009). Thus, a rise in the exporting country's per capita GDP may reflect an increased ability to export the commodity which would lead to increased trade flows under the assumption of increased capital/labor ratio. Consequently, the estimated coefficient of the exporting country's per capita income would be positive. However, in a single commodity trade, a rise in per capita GDP of the exporting country may also induce resources to be reallocated to a tradable good with a higher profit margin, which would lead to decreased exports of the particular commodity that has a lower profit margin. Thus, a negative coefficient would be expected (Bergstrand 1985 (Bergstrand , 1989 . A rise in income in the importing country, which represents an increase in its purchasing power, leads to unambiguously higher imports and the expected coefficient sign being positive.
Traditional gravity models typically use GDP to represent income (Linneman jei
A country's production of a commodity was included to reflect a country's ability to supply the commodity. A rise in the exporting country's production would lead to increased exports, and a positive sign is hypothesized. A rise in the domestic production level in the importing country would be associated with reduced imports of the commodity and the coefficient is expected to be negative. Population in an exporting country reflects the country's ability to produce and export labor-intensive commodities. An increase in an exporting country's population should lead to increased production and export capacity and the coefficient is expected to be positive. The population of an importing country is an indicator of the domestic market size and large absorption capacity. Thus, an increase in the importing country population reflects increase in the importing country's domestic consumption and the coefficient is expected to be positive.
The impact of regional trade agreements was analyzed. Regional free trade variables were identified and included in the gravity models. Trade blocs and member countries are shown in Table 6 . The regional free trade variables such as NAFTA m , EU m , ASEAN m , and MERCOSUR m represent trade flows among members and thereby generate a trade creation. The signs of these variables were hypothesized to be positive. On the other hand, NAFTA n , EU n , ASEAN n , and MERCOSUR n should have a negative sign and represent trade diversion.
The distance variable, d ij , was used as a proxy for transportation costs and represented resistance to trade. A negative coefficient sign was expected. The adjacency dummy variable was retained in the empirical model since it was assumed that there is even more trade between countries with common borders than those that are geographically farther apart. Finally, a measure representing the exchange rate volatility was added to the empirical specification. The impact of exchange rate volatility on meat trade flows is an empirical issue. Two measures of the exchange rate volatility were proposed to address the short-and long-term impacts of the exchange rate uncertainty on meat trade flows.
C. The impact of exchange rate volatility
The exchange rate is one of the macroeconomic factors affecting international trade flows and is also one of the most researched topics. However, the effects of the exchange rate volatility, or the impacts of uncertainty arising from exchange rate changes on trade flows remain controversial. The empirical findings are still inconclusive at best. Most of the previous empirical studies use aggregate commodity trade flows and, as such, assume that the effect of exchange rate volatility is the same across commodities. Thus, ambiguity may arise, from the use of aggregate commodity trade flows and the aggregation effects that crowd out impacts on specific commodity trade flows. This shortcoming was examined in this study.
The exchange rate uncertainty is expected to influence the level of trade flows between trade partners. Risk-averse traders would reduce trade flows under increased level of uncertainty, thereby resulting in a negative impact of exchange rate uncertainty on trade flows. However, DeGrauwe and Skudelny (2000) and Bacchetta and van Wincoop (2000) suggest that under certain regularity conditions, exchange rate uncertainty may lead to increased trade flows.
The treatment of exchange rate volatility has followed the standard hypothesis that unpredictable changes in exchange rate affect trade flows negatively. However, Pick (1990) has argued that changes in exchange rate do not significantly affect agricultural trade flows for developed markets, while they negatively affect the United States exports to developing markets. Langley et al. (2000) showed that exchange rate variability positively affects poultry exports to Thailand while Cho et al. (2002) , in a sectorial analysis, suggested that exchange rate uncertainty negatively affect trade flows.
This study offered two measures of both short-and long-run volatilities of exchange rates used in the literature. The first measure of volatility was computed as a moving standard deviation, following Koray and Lastrapes (1989) and Chowdhury (1993 
Here, X t is the real exchange rate at time t, m is the order of the moving average, and i is the index summed over 1 to m.
Another measure of exchange rate variability accounts for the effects of exchange rate uncertainty over the long-term horizon to measure risk. Thus, following Peree and Steinherr (1989) and Cho et al. (2002) , the long-run volatility of exchange rate between any two trading countries is computed as:
Here, Max(X t t−k ) and Min(X t t−k ), respectively, represent the maximum and minimum values of the exchange rate within a moving time interval, indexed by (t-k) to t. The function abs is the absolute value function. X t is the exchange rate at time t. X t p , an equilibrium exchange rate, is defined to be the average over the current moving average interval. Peree and Steinherr (1989) assumed that the first term in Equation (2) reflects the learned experience of the previous period while the second term represents a correction factor based on current exchange rate deviation from expected equilibrium levels. Cho et al. (2002) noted that the equilibrium exchange rate is traditionally set to the average rate over the previous period. The value of k has been set to 4 due to a shorter time series.
3 The equilibrium exchange rate was set to the average exchange rate over the moving window to be consistent with the sampled period.
3 Several measures of exchange rate uncertainty exist in literature. However, there is no formula for the selection of a specific measure. Therefore, our choice of the exchange rate uncertainty measures reflects data availability, time period of study, and similarity with previous studies. The results are robust to the choice of the parameters, m and k, in the moving process of the volatility measures (Cho et al. 2002) . Alternative higher frequency exchange rates are considered but offer similar results to those from the yearly series that is reported in Tables  3 and 4 . Table 5 . Panel data combine time series and cross-section observations on trade flows and allow for increase in the degree of freedom. In this study, the time series is short relative to the number of estimable parameters so that traditional pooling techniques could not be properly used to estimate time effects and individual effects inherent to pooling techniques. Judge, Griffiths, Hill, Lutkepohl, and Lee (1985) offered techniques to solve the problems. Hausman (1978) , Judge et al. (1985) , and Hsiao (1986) also extensively discussed technical problems associated with the estimation of a model with panel data. To address the heteroskedacity problems associated with the cross section series, the model was estimated by use of the Eicher-White Heteroskedacity consistent estimator outlined in Estima Inc. (2009).
4
B. Data
Countries included in the analysis are listed in Table 5 
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VI. Empirical Results
We developed a gravity model that includes major regional free trade agreements to examine the determinants of global meat trade. The parameters of the model were estimated by the use of the RATS Program provided by Estima Inc. (2009). The EicherWhite Heteroskedacity consistent estimator was applied to estimate the model. Tables 3 and 4 present the estimated parameters of the logarithmic transformation of the gravity model in Equation (1). Most of the estimated parameters had the expected signs and were statistically significant. These results are similar to those of previous studies that used gravity models to analyze aggregate trade flows. The use of commodity specific data offer more insights on the trade behavior of individual commodities in the framework of global trade. The estimated impact of specific determinants of global meat trade flows are succinctly discussed below.
A. The effects of income, production, and population
The estimated coefficients of income, population, and production have the expected signs and are significant at the 5% level in most cases. Income in exporting country is an indication of the production capacity and ability to supply the product. Income in the receiving country is an indication of purchasing power and absorption capacity. With respect to the estimated coefficients of income, the results suggest that a rise in the income of the exporting or the importing country leads to increased trade flows of bovine and swine meats. The coefficients are positive and significant at the 1% level.
The country's production capacity variables have expected signs and are significant at the 1% level in the bovine meat exporting country and insignificant in the importing country. The estimated elasticities are less than unity, suggesting that meat trade flows are not sensitive to production capacity in the trading countries. The insensitivity to domestic production capacity in the exporting country may be due to its excess production capacity and domestic export policies and programs. In the swine model for the exporting country, the estimated elasticities have expected signs and are significant at the 1% level. However, the significance of the coefficients for the swine model in the importing country varies with model specification.
The results show that the population of trading countries is a significant factor 258 enhancing trade flows. Population represents labor force and/or an indication of the production capacity of labor-intensive goods for the exporting country, as well as the size of the domestic market and absorption capacity for the importing country. The findings show that an increase in the exporting and importing country's population will lead to increased production and domestic consumption needs, respectively, thereby increasing the volume of trade.
B. Trade creation and diversion effects
Our gravity model includes variables representing factors aiding or resisting trade flows. To identify the trade creation effect of economic integration, dummy variables representing trade activities between the two member countries of each trading bloc (NAFTA m , EU m , ASEAN m , and MERCOSUR m ) are included in the model as shown in Equation (1). Tables 3 and 4 present the estimated gravity model with the four major trading blocs mentioned above.
All coefficients on the free trade agreements are positive and significant at the 1% level in most cases. The findings show that NAFTA and EU led to significant trade creation as shown by positive and significant coefficient signs. The magnitude and significance of the coefficients suggest strong benefits from meat trade to association members. The results suggest that MERCOSUR association achieved strong trade creation effects while the results for the ASEAN association are inclusive.
The extent of trade diversion was also analyzed. The dummy variables NAFTA n , EU n , ASEAN n , and MERCOSUR n were included to identify trade flows between members of each trading bloc and non-members. Negative coefficients represent trade diversion of the economic integrations. A trade diversion effect arising from an economic integration occurs when trade flows are diverted from a non-beneficiary country to member countries. The findings suggest that both NAFTA and EU significantly enhanced meat trade diversion from non-members to NAFTA/EU countries. The magnitude and significance of elasticities suggested that the amount of trade creation is much greater than that of trade diversion for both associations. The MERCOSUR association shows no trade diversion while the findings suggest that the ASEAN association led to a trade diversion from non-members to members. 
C. The effects of distance and border
Traditional gravity model include distance and adjacency dummy variable. The theory of spatial equilibrium suggests that the quantity of commodity trade varies inversely with distance. The estimated coefficients of distance are negative and statistically significant at 1% in all cases, suggesting that distance impairs global meat trade. The estimated coefficients for border dummy variables are positive and significant at 1% level in models, suggesting increased trade volume for countries with common borders.
D. The impacts of exchange rate volatility on meat trade flows
The impact of the exchange rate volatility was estimated following Chowdhury (1993) and Karemera et al. (2009a Karemera et al. ( , 2009b . Two different measures of exchange rate volatility were used. Tables 3 and 4 also present the results for both short and longterm volatility. The findings indicate that the short-term exchange rate volatility has a significant negative effect on global bovine meat trade while the long-term exchange rate volatility has a weak or no effect on trade flows. In bovine meat trade, the short-term volatility has a much larger effect than the long-term volatility as suggested by the size and significance of the elasticity coefficients. This finding is partially consistent with Cho et al. (2002) , who suggested that both short and long-term exchange rate volatilities impair aggregate trade flows in sectorial trade.
In the global swine meat trade, the short-term volatility has no effect on the trade flows while there is evidence of a positive impact of long-term volatility on the flows. This study suggests that the impacts of exchange rate uncertainty is commodity-specific and may vary with computation methods. These findings show that the effects of exchange rate uncertainty are not uniform across commodities and models-a result that is consistent with Klein (1990) .
E. Meat differentiation based on country of origin
Dummy variables representing major exporting countries are all significant at 1% level. The findings suggest that meat products are differentiated by country of origin.
Further, the results suggest that exporting countries produce and export different types of meat products. However, meat quality differences by country of origin were not analyzed in this study. It may be a fruitful agenda for future research on meat product trade.
VII. Conclusion
A commodity-specific gravity model was developed to evaluate factors affecting meat trade flows. This study demonstrated that the gravity models could be applied to single commodity trade flows such as bovine and swine meat trade flows. Particular attention was given to the effects of the world's major regional free trade agreements.
Income variables were significant factors influencing meat trade flows. Given that demand and supply are income-inelastic in trading countries, a sustained growth of the world economy would continue to stimulate meat trade. Per capita production and population were also significant factors influencing meat trade flows. Distances between trading countries were major factors reducing trade in meat. Common borders stimulated more trade.
The impacts of the world's major free trade agreements on bovine and swine meat trade were examined. The results showed that the formation of the North American Free Trade Agreement (NAFTA) and European Union (EU) significantly enhanced both bovine and swine meat trade flows through trade creation among members and trade diversion from non-members to members. The Common Market of the South (MERCOSUR) association led to trade creation with inconclusive results for trade diversion. The Association of South-East Asian Nations (ASEAN) led to trade diversion with no clear indication of trade creation among members. Hoof-and-mouth diseases impaired meat trade flows. The short-run exchange rate volatility significantly reduced bovine meat trade flows. There was evidence that long-term volatility had positive and significant effects on swine meat trade flows. Therefore, the impact of exchange rate uncertainty on meat trade flows was product-specific and may vary with the method of its computation. (Note) ***denotes statistically significance at the 1% level, **denotes statistically significance at the 5% level, *denotes statistically significance at the 10% level. 
